Published by Institute of Physics Publishing for SISSA/ISAS Received: March 17, 2004 Revised: April 23, 2004 Accepted: May 5, 2004

Bloch brane

Dionisio Bazeia^a and Adalto R. Gomes^{ab}

aDepartamento de Física, Universidade Federal da Paraíba C.P. 5008, 58051-970 João Pessoa PB, Brazil bDepartamento de Ciências Exatas Centro Federal de Educação Tecnológica do Maranhão 65025-001 São Luís MA, Brazil E-mail: bazeia@fisica.ufpb.br, argomes@fisica.ufpb.br

Abstract: We investigate a system described by two real scalar fields coupled with gravity in (4,1) dimensions in warped spacetime involving one extra dimension. The results show that the parameter which controls the way the two scalar fields interact induces the appearence of thick brane which engenders internal structure, driving the energy density to localize inside the brane in a very specific way.

Keywords: Field Theories in Higher Dimensions, Solitons Monopoles and Instantons, Classical Theories of Gravity.

© SISSA/ISAS 2004 http://jhep.sissa.it/archive/papers/jhep052004012 /jhep052004012 .pdf

Contents

1. Introduction 1

2. Structure formation 3 2.1 Bloch wall 3 2.2 Bloch brane 4

3. Internal structure 7

4. Further comments 9

1. Introduction

This work deals with scalar fields coupled to gravity in warped spacetime in (4,1) dimensions. We focus mainly on generation of thick branes, their stability and internal structure, and our investigations follow several recent works on the subject [1]–[15].

The brane world scenario that we investigate is described by scalar matter coupled to gravity. Thus, in flat spacetime the scalar matter model reduces to a system of scalar fields which supports interesting domain wall solutions. As one knows, domain walls are extended structures which may be seem as interfaces separating two distinct phases of the system. They appear in several branches of nonlinear science, in particular in high energy physics [16] and in condensed matter [17, 18]. In condensed matter, for instance, domain walls may spring in several different ways, depending on the richness of the systems under consideration. An interesting situation occurs in ferromagnetic systems, as reported for instance in [17, 18], in which one finds walls of both Ising and Bloch type. Ising walls are simpler interfaces, having no internal structure. However, Bloch walls are interfaces that engender internal structure, and for this reason they may be seen as chiral interfaces. The chiral feature of Bloch walls was first explored in ref. [19]; other recent investigations on Bloch walls in parametrically driven systems may be found in [20], and in references therein.

In high energy physics, domain walls usually appear in models described by real scalar fields [16]. In particular, in ref. [21] one introduces a simple model, described by two real scalar fields, which support both Ising and Bloch walls — see, e.g., ref. [22, 23, 24] for further details on the two-field model, and on Ising and Bloch walls. The approach introduced in ref. [21] engenders an important issue, which concerns the Bogomol’nyi bound [25]. In ref. [21]–[24] it was shown that this bound can be obtained in two-field models defined by the potential V (ϕ, χ) = 1 2 ( ∂W ∂ϕ )_2 + 1 2 ( ∂W ∂χ )_2 (1.1)

– 1 – where W = W (ϕ, χ) is a smooth function of the two fields ϕ and χ. The two-field model is described by [21] W_r(ϕ, χ) = ϕ − 1 3 ϕ^3 − rϕχ^2 (1.2)

where r is a real parameter, and we are using dimensionless fields and spacetime variables. The richness of the two-field model was further explored in other contexts in refs. [26, 27, 28]; for instance, in ref. [28] the complete set of solutions for the Bogomol’nyi-Prasad- Sommerfield (BPS) states [25, 29] of the model was found. We notice that in the model described by W_r(ϕ, χ), the case r = 0 lead us back to the standard ϕ^4 model.

More recently, domain walls have been used in high energy physics as seeds for generation of branes in scenarios where scalar fields couple with gravity in warped spacetime. In particular, in ref. [15] we have used a model described by a single real scalar field to offer a scenario where the brane engenders internal structure. The model used in [15] was first introduced in ref. [30], and it depends on a real parameter, which generalizes the standard ϕ^4 model, changing the way the scalar field self-interacts. It offers an interesting alternative to models which use two real scalar fields [10, 14] as seeds for brane formation in warped spacetime in (4, 1) dimensions. The model is defined by [30]

W_p(ϕ) = p 2p − 1 ϕ^{(2p−1)/p} − p 2p + 1 ϕ^{(2p+1)/p} (1.3)

where p is an odd integer, p = 1, 3, 5, . . . The case p = 1 reproduces the standard ϕ^4 model. The models defined by W_p(ϕ) support BPS solutions of the form

ϕ_p(x) = tanh^p ( x p ) . (1.4)

The case p = 1 reproduces the standard kink, but for p = 3, 5, . . . one gets new solutions, which very much resemble two-kink solutions [30]. In the above model, however, the scalar field self-interacts in an unconventional manner. For this reason, in the present work we return to the issue concerning thick branes that engender internal structure in models which support conventional self-interactions.

As one knows [31], the presence of intricate self-interactions in general responds to thicken the brane [9, 15]. Thus, in the present work we offer a way to trade the intricate self-interactions contained in the above model (1.3), to a more conventional model described by two real scalar fields, with the potential defined by eqs. (1.1) and (1.2). Within this context, it is interesting to see that the model defined by (1.2) is an extension of the standard ϕ^4 model to the case of two real scalar fields, while the model defined by (1.3) extends the ϕ^4 model to the case of more intricate self-interactions. To implement the investigation, we split the work in the several sections that follow. In the next section 2 we provide a complete investigation, which shows how both the Ising and Bloch walls translate to stable branes in scenarios where the scalar fields couple to gravity in warped spacetime. In section 3 we show how the second field required to implement the Bloch brane scenario contributes to engender internal structure to the brane solution. Finally, in section 4 we present our comments and conclusions.

– 2 –

2. Structure formation

In this section we first deal with domain walls in flat spacetime, which includes the basic issues one needs to investigate Bloch brane in curved spacetime. For clarity, we split the subject in two subsections, one dealing with Bloch walls, and the other with Bloch branes. We start the investigation with Bloch walls in flat spacetime in the subsection that follows.

2.1 Bloch wall We first work in flat spacetime in (3, 1) dimensions. We consider the action S = ∫ d^4x [ 1 2 ∂_μϕ∂^μϕ + 1 2 ∂_μχ∂^μχ − V (ϕ, χ) ] (2.1)

for μ, ν = 0, 1, 2, 3, with metric ds^2 = η_{μν} dx^μdx^ν , where diag(η_{μν} ) = (1, −1, −1, −1). We consider the potential V (ϕ, χ) = 1 2 (1 − ϕ^2 − rχ^2)^2 + 2r^2ϕ^2χ^2 (2.2)

which is defined by eq. (1.1), with W = W_r(ϕ, χ) given by eq. (1.2). This potential has minima at the points (±1, 0) and (0, ±1/ √ r) for r positive.

The equations of motion for static solutions ϕ = ϕ(x) and χ = χ(x) that follow from the above model are solved by the first-order differential equations dϕ dx = 1 − ϕ^2 − rχ^2 (2.3) dχ dx = −2rϕχ . (2.4) We solve these equations using two distinct orbits connecting the minima (±1, 0): first, we consider χ = 0, which identifies a straight line segment joinning the minima (±1, 0). In this case we get the one-field solution ϕ(x) = tanh(x). Second, we consider the orbit

ϕ^2 + r 1 − 2r χ^2 = 1 (2.5)

for r ∈ (0, 1/2). This orbit identifies elliptical segments connecting the minima (±1, 0). In this case we get the two-field solutions

ϕ(x) = tanh(2rx) (2.6) χ(x) = ± √ 1 r − 2 sech(2rx) (2.7)

We notice that the limit r → 1/2 changes the two-field solution to the one-field solution. The two-field solutions represent Bloch walls, while the one-field solution is the Ising wall. We make this point clearer by recalling that the Ising wall is described by a straight line segment joinning the minima (±1, 0) in the (ϕ, χ) plane. For the Bloch walls, however, the orbits represent elyptical segments connecting the minima (±1, 0), which may be used to describe chiral interfaces. The above model supports other solutions, as found for instance in refs. [27, 28].

– 3 –

2.2 Bloch brane

We now change to curved spacetime. We consider the action

S_c = ∫ d^4x dy √ |g| [ − 1 4 R + 1 2 ∂_aϕ∂^aϕ + 1 2 ∂_aχ∂^aχ − V (ϕ, χ) ] (2.8)

where g = det(g_{ab}) and the metric is

ds^2 = g_{ab}dx^adx^b = e^{2A}η_{μν} dx^μdx^ν − dy^2 (2.9)

where a, b = 0, 1, 2, 3, 4, and e^{2A} is the warp factor. We are working in (4, 1) spacetime dimensions, using x^4 = y to identify the extra dimension.

We suppose that the scalar fields and the warp factor only depend on the extra coordinate y. In this case the equations of motion reduce to the simpler form

ϕ^{′′} + 4A^′ϕ^′ = ∂V (ϕ, χ) ∂ϕ (2.10)

χ^{′′} + 4A^′χ^′ = ∂V (ϕ, χ) ∂χ (2.11) A^{′′} = − 2 3 ( ϕ^{′2} + χ^{′2} ) (2.12)

A^{′2} = 1 6 ( ϕ^{′2} + χ^{′2} ) − 1 3 V (ϕ, χ) (2.13)

where prime stands for derivative with respect to y. Our model is given by V_c(ϕ, χ) = 1 8 [( ∂W_c ∂ϕ )_2 + ( ∂W_c ∂χ )_2] − 1 3 W^2_c (2.14)

where W_c = 2W_r, that is, it is twice the function we have used in flat spacetime; see, e.g., eq. (1.2).

The above potential leads to the following first-order differential equations, which also solve the equations of motion [6]

ϕ^′ = 1 2 ∂W_c ∂ϕ (2.15)

χ^′ = 1 2 ∂W_c ∂χ (2.16) and A^′ = − 1 3 W_c . (2.17)

We solve the first-order equations for ϕ and χ to get the same results we have already obtained in flat spacetime, given by eqs. (2.6) and (2.7), now changing x → y, to represent the extra dimension. They are depicted in figure 1 for several values of the parameter r. We see that the width of these solutions depends on 1/r, so it increases for decreasing r.

We now turn attention to the behavior of the warp factor. We solve eq. (2.17) to get A(y) = 1 9r [ (1 − 3r) tanh^2(2ry) − 2 ln cosh(2ry) ] . (2.18)

– 4 –

Figure 1: Plots of the solutions ϕ(y) (right) and χ(y) (left) for r = 0.05, 0.1 and 0.3 respectively. Here and in the other figures the thickness of the lines increases with increasing r.

Figure 2: Plots of the solutions of the warp factor exp[2A(y)] for the values r = 0.05, 0.1 and 0.3.

We plot the warp factor e^{2A(y)} for several values of the parameter r in figure 2. It characterizes the presence of thick branes, in accordance with the behavior of the solutions (2.6) and (2.7) for the scalar fields.

We now consider fluctuations of the metric and scalars. The perturbed metric is

ds^2 = e^{2A(y)}(η_{μν} + ϵh_{μν} )dx^μdx^ν − dy^2 (2.19)

and we consider ϕ → ϕ + ϵϕ̃ and χ → χ + ϵχ̃. We are using h_{μν} = h_{μν} (x, y), ϕ̃ = ϕ̃(x, y), and χ̃ = χ̃(x, y) to represent the respective perturbations; here x represents (x^0, x^1, x^2, x^3). We consider variation of the action with respect to the scalar fields up to second order in ϵ to obtain the equations for the scalar fluctuations. The procedure follows ref. [32] and we get, for ϕ̃ e^{−2A}□ϕ̃ − 4A^′ϕ̃^′ − ϕ̃^{′′} + ϕ̃ ∂^2V (ϕ, χ) ∂ϕ^2 + χ̃ ∂^2V (ϕ, χ) ∂ϕ∂χ = 1 2 ϕ^′η^{μν} h^′_{μν} , (2.20)

– 5 – and for χ̃ e^{−2A}□χ̃ − 4A^′χ̃^′ − χ̃^{′′} + χ̃ ∂^2V (ϕ, χ) ∂χ^2 + ϕ̃ ∂^2V (ϕ, χ) ∂χ∂ϕ = 1 2 χ^′η^{μν} h^′_{μν} (2.21)

where □ = ∂_μ∂^μ. Also, we vary the action with respect to the metric up to second order in ϵ to obtain − 1 2 □h_{μν} + e^{2A} ( 1 2 ∂^2_y + 2A^′∂_y ) h_{μν} − 1 2 η^{λρ}(∂_μ∂_ν h_{λρ} − ∂_μ∂_λh_{ρν} − ∂_ν ∂_λh_{ρμ})+ + 1 2 η_{μν} e^{2A}A^′∂_y(η^{λρ}h_{λρ}) + 4 3 e^{2A}η_{μν} ( ϕ̃ ∂V (ϕ, χ) ∂ϕ + χ̃ ∂V (ϕ, χ) ∂χ ) = 0 . (2.22)

We choose h_{μν} as transverse and traceless [6], that is, we change h_{μν} → h̄_{μν} = P_{μνλρ}h^{λρ}, where the projector is given by P_{μνλρ} = 1 2 (π_{μλ}π_{νρ} + π_{μρ}π_{νλ}) − 1 3 π_{μν} π_{λρ} (2.23)

with π_{μν} = η_{μν} − ∂_μ∂_ν □ . (2.24) In this case the equation for fluctuation of the metric simplifies to h̄^{′′}_{μν} + 4 A^′ h̄^′_{μν} = e^{−2A} □ h̄_{μν} (2.25)

which describes linearized gravity, in the transverse and traceless sector. We notice that in this sector, gravity decouples from the matter field.

We use another coordinate, z, which is defined by dz = e^{−A(y)}dy. Also, we set h̄_{μν} (x, z) = e^{ik·x}e^{− 3}_2^{A(z)}H_{μν} (z) . (2.26)

In this case the above equation (2.25) becomes the Schrödinger-like equation − d^2H_{μν} dz^2 + U_r(z) H_{μν} = k^2 H_{μν} (2.27)

where the potential is given by

U_r(z) = 3 2 A^{′′}(z) + 9 4 A^{′2}(z) . (2.28)

One can show that the hamiltonian in eq. (2.27) leads to no tachyonic excitations [15]. For the zero modes (k = 0) we have H_{μν} (z) = N_{μν} e^{3A(z)/2} (2.29)

where N_{μν} is a normalization factor. In figure 3 we plot the potentials U_r(z) and the corresponding zero modes for some values of r. We see that U_r(z) is a volcano-like potential, which may lead to the appearance of resonant states in its spectrum. For this reason, in figure 4 we depict some wave functions for massive modes in the two regions where k^2 < max[U_r(z)] and k^2 > max[U_r(z)]. The results show that the wave functions describe motion in the bulk, not bound to the brane, with no evidence for resonance when k^2 < max[U_r(z)].

The above calculations show that the Bloch brane is consistent and cannot be discarded as an alternative to the brane scenario. More importantly, the Bloch brane scenario nicely leads to the possibility of brane with internal structure, as we investigate in the next section.

– 6 –

Figure 3: Plots of the potentials U_{0.05}(z), U_{0.1}(z), and (1/2)U_{0.3}(z) (right) and the corresponding zero modes (left).

Figure 4: Plots of wave functions for nonzero modes for k^2 = 0.01 < max[U_r(z)] (right) and for k^2 = 0.2 > max[U_r(z)] (left) for r = 0.05, 0.1, and 0.3.

3. Internal structure

To see how the Bloch brane supports internal structure, let us now pay closer attention to the volcano potential depicted in figure 3. There we see that it has a true minimum at y = 0 for 0.5 > r > r^∗_c , with r^∗_c ≈ 0.17. However, when r reaches the interval r^∗_c > r > 0, the minimum at y = 0 splits into two separate minima, indicating the appearence of internal structure. We make this point clearer with the help of our former work on brane structure [15], from which we very naturally realise that the behavior of the volcano potential as r diminishes signals for the opening of an internal structure for the Bloch brane.

To make the reasoning unambiguos, however, let us return to flat spacetime to focus on the issue in the simpler case firstly. We consider the system of eqs. (2.3) and (2.4) for the flat case to see that it decouples at r = 0, leading to ϕ(y) = tanh(y) in that case. However, in the limit r → 0 the two-field solutions (2.6) and (2.7) do not reduce to the former solutions. The reason for this is that the solutions (2.6) and (2.7) are exact solutions for the system of first-order equations; they are not perturbative around r = 0, so they are not expected to reproduce the solutions in the limit of vanishing r. Thus, it is exactly the nonperturbative behavior of the solutions that induce the appearence of nontrivial behavior for small values of r, for the specific nonlinearity of the system under consideration.

– 7 –

Figure 5: The matter energy density in flat spacetime. The plots show E^{0.05}(y), E^{0.1}(y), E^{0.25}(y) and E^{0.3}(y).

To see how this works explicitly, we investigate the energy density of the nonperturbative two-field solutions in flat spacetime. We have

E^r(y) = 1 2 ( dϕ(y) dy )_2 + 1 2 ( dχ(y) dy )_2 + 1 2 ( ∂W_r ∂ϕ )_2 + 1 2 ( ∂W_r ∂χ )_2

. (3.1)

We use the solutions of the matter fields (2.6) and (2.7) to obtain the energy density, which we plot in figure 5 for several values of r.

We see that for 1/2 > r ≥ 1/4, the energy density has the single-peak behavior around y = 0, as in the standard ϕ^4 model. However, for r^∗ = 1/4 the plot shows the appearence of a plateau characterized by the maximum of dχ/dy, signalling the splitting of the maximum into two new maxima, as depicted in figure 5. Here we recognize that it is the χ−field which responds for changing the behavior of the energy density for r in the interval 1/4 > r > 0. If we identify the center of the defect with the maximum of the energy density, we see that for r^∗ > r > 0 there appear two centers, identifying two interfaces which induce the appearence of internal structure. Moreover, the thickness of the defect increases for decreasing r, leading to the nice picture where as r decreases from r = 1/2, the defect gets thicker and thicker, until r reaches the interval (1/4, 0), where two interfaces springs inside the defect.

We now turn attention to curved spacetime, to the Bloch brane scenario investigated above. In this case, the matter energy density has the form

E^r_c (y) = e^{2A(y)} [ 1 2 ( dϕ(y) dy )_2 + 1 2 ( dχ(y) dy )_2 + V_c(ϕ(y), χ(y)) ] . (3.2)

We use the solutions of the matter fields and the warp factor (2.6), (2.7) and (2.18) to obtain the matter energy density as a function of the extra dimension, which we plot in figure 6 for several values of r.

– 8 –

Figure 6: The matter energy density in curved spacetime. The plots show E^{0.05}_c (y), E^{0.1}_c (y), E^{0.17}_c (y) and (1/2)E^{0.3}_c (y).

The investigation shows that for 0.5 > r ≥ 0.17 we have the single-peak behavior in the very inside of the brane. For r^∗_c ≈ 0.17 we also find a plateau, as we did in the flat case. Here, however, it appear at the lower value r^∗_c < r^∗ = 0.25, due to the coupling to gravity. But in the region 0.17 > r > 0 the behavior for the energy density shows the appearance of two peaks, as we illustrate in figure 6. Thus, the coupling to gravity does not destroy the behavior which induces the presence of internal structure for the Bloch brane. Moreover, the same effect of increasing the brane thickness as r goes to zero is observed. Furthermore, we emphasize that for the same r, the thickness of the defect diminishes in the curved case, in comparison with the flat case. This is compatible with the reasoning that gravity induces an attraction between the interfaces, as we have already identified in ref. [15] — compare figures 5 and 6. Since the value of r^∗_c which induces the appearance of internal structure is lower in curved spacetime, we can infer that gravity tends to supress the presence of internal structure in braneword scenarios like the one here investigated.

4. Further comments

In this work we have investigated the presence of Bloch brane in braneworld scenarios which appear in models involving real scalar fields coupled to gravity in (4, 1) dimensions in warped spacetime. Our investigations are based on several recent works on branes [1]–[9], and it follows the lines of our former work on brane structure [15].

Former investigations on braneworld models described by scalar fields coupled to gravity in warped geometry such as the ones in refs. [9, 15] show that the presence of scalar field with intricate self-interactions directly contributes to thicken the brane. Furthermore, in [15] one shows that self-interactions may also lead to brane engendering internal structure, in a way similar to that found in ref. [10]. This fact has given the main motivation for the present work: to show how the unconventional self-interactions introduced in [15] can be traded to more conventional interactions, under the expences of adding more fields

– 9 – to the matter field contents of the model. The Bloch brane solution here introduced is stable, and it correctly responds for the presence of nontrivial structure inside the brane. The addition of the second field allows to trade intricate self-interactions present in the single-field scenario to the conventional interactions that appear in the two-field model.

A natural extension of the two-field model, leading to three fields could be W (ϕ, χ, ρ) = ϕ − 1 3 ϕ^3 − rϕ(χ^2 + ρ^2) (4.1)

which was already considered before in other contexts [33, 34]. In this case the first-order equations for the matter fields are solved by

ϕ(y) = tanh(2ry) (4.2) and χ(x) = √ 1 r − 2 cos(θ)sech(2ry) (4.3) ρ(x) = √ 1 r − 2 sin(θ)sech(2ry) (4.4)

with 1/2 ≥ r > 0, and 2π > θ ≥ 0. The new parameter θ drives the elliptical orbits to form an ellipsoid. This extension changes the former scenario with the inclusion of a new degree of freedom, which may be used to make the second field complex, allowing for the presence of the global symmetry U(1), which can be gauged to lead to more realistic models. Other extensions to three-field models could be done. An interesting line of investigation could follow ref. [35], which investigates how walls and global and local strings can end on walls. Such investigations would require the presence of two or more extra dimensions. This and other related issues are presently under consideration.

Acknowledgments

The authors would like to thank C. Furtado for discussions, and PROCAD/CAPES for financial support. DB thanks CNPq for partial support and ARG thanks FAPEMA for a fellowship.

References

[1] N. Arkani-Hamed, S. Dimopoulos and G.R. Dvali, The hierarchy problem and new dimensions at a millimeter, Phys. Lett. B 429 (1998) 263 [hep-ph/9803315].

[2] I. Antoniadis, N. Arkani-Hamed, S. Dimopoulos and G.R. Dvali, New dimensions at a millimeter to a fermi and superstrings at a TeV, Phys. Lett. B 436 (1998) 257 [hep-ph/9804398].

[3] L. Randall and R. Sundrum, A large mass hierarchy from a small extra dimension, Phys.

Rev. Lett. 83 (1999) 3370 [hep-ph/9905221].

[4] L. Randall and R. Sundrum, An alternative to compactification, Phys. Rev. Lett. 83 (1999) 4690 [hep-th/9906064].

– 10 –

[5] W.D. Goldberger and M.B. Wise, Modulus stabilization with bulk fields, Phys. Rev. Lett. 83 (1999) 4922 [hep-ph/9907447].

[6] O. DeWolfe, D.Z. Freedman, S.S. Gubser and A. Karch, Modeling the fifth dimension with scalars and gravity, Phys. Rev. D 62 (2000) 046008 [hep-th/9909134].

[7] C. Csáki, J. Erlich, T.J. Hollowood and Y. Shirman, Universal aspects of gravity localized on thick branes, Nucl. Phys. B 581 (2000) 309 [hep-th/0001033].

[8] C. Csáki, J. Erlich, C. Grojean and T.J. Hollowood, General properties of the self-tuning domain wall approach to the cosmological constant problem, Nucl. Phys. B 584 (2000) 359 [hep-th/0004133].

[9] M. Gremm, Four-dimensional gravity on a thick domain wall, Phys. Lett. B 478 (2000) 434 [hep-th/9912060].

[10] A. Campos, Critical phenomena of thick branes in warped spacetimes, Phys. Rev. Lett. 88 (2002) 141602 [hep-th/0111207].

[11] R. Gregory and A. Padilla, Nested braneworlds and strong brane gravity, Phys. Rev. D 65 (2002) 084013 [hep-th/0104262].

[12] A. Melfo, N. Pantoja and A. Skirzewski, Thick domain wall spacetimes with and without reflection symmetry, Phys. Rev. D 67 (2003) 105003 [gr-qc/0211081].

[13] D. Bazeia, F.A. Brito and J.R.S. Nascimento, Supergravity brane worlds and tachyon potentials, Phys. Rev. D 68 (2003) 085007 [hep-th/0306284].

[14] M. Eto and N. Sakai, Solvable models of domain walls in N = 1 supergravity, Phys. Rev. D 68 (2003) 125001 [hep-th/0307276].

[15] D. Bazeia, C. Furtado and A.R. Gomes, Brane structure from scalar field in warped spacetime, JCAP 02 (2004) 002 [hep-th/0308034].

[16] A. Vilenkin and E.P.S. Shellard, Cosmic strings and other topological defects, Cambridge University Press, Cambridge 1994.

[17] A.H. Eschenfelder, Magnetic bubble technology, Springer-Verlag, Berlin 1981. [18] D. Walgraef, Spatio-temporal pattern formation, Springer-Verlag, New York, 1997. [19] P. Coullet, J. Lega, B. Houchmandzadeh, and J. Lajzerowicz, Breaking chirality in nonequilibrium systems, Phys. Rev. Lett. 65 (1990) 1352.

[20] G.J. de Valcárcel, I. Perez-Arjona, and E. Roldán, Domain walls and Ising-Bloch transitions in parametrically driven systems, Phys. Rev. Lett. 89 (2002) 164101.

[21] D. Bazeia, M.J. dos Santos and R.F. Ribeiro, Solitons in systems of coupled scalar fields, Phys. Lett. A 208 (1995) 84 [hep-th/0311265].

[22] D. Bazeia, H. Boschi-Filho and F.A. Brito, Domain defects in systems of two real scalar fields, J. High Energy Phys. 04 (1999) 028 [hep-th/9811084].

[23] D. Bazeia and F.A. Brito, Tiling the plane without supersymmetry, Phys. Rev. Lett. 84 (2000) 1094 [hep-th/9908090].

[24] D. Bazeia and F.A. Brito, Bags, junctions and networks of BPS and non-BPS defects, Phys.

Rev. D 61 (2000) 105019 [hep-th/9912015].

[25] E.B. Bogomol’nyi, Stability of classical solutions, Sov. J. Nucl. Phys. 24 (1976) 449.

– 11 –

[26] D. Bazeia, J.R.S. Nascimento, R.F. Ribeiro and D. Toledo, Soliton stability in systems of two real scalar fields, J. Phys. A 30 (1997) 8157 [hep-th/9705224].

[27] M.A. Shifman and M.B. Voloshin, Degenerate domain wall solutions in supersymmetric theories, Phys. Rev. D 57 (1998) 2590 [hep-th/9709137].

[28] A.A. Izquierdo, M.A.G. Leon and J.M. Guilarte, The kink variety in systems of two coupled scalar fields in two space-time dimensions, Phys. Rev. D 65 (2002) 085012 [hep-th/0201200].

[29] M.K. Prasad and C.M. Sommerfield, An exact classical solution for the’t Hooft monopole and the Julia-Zee dyon, Phys. Rev. Lett. 35 (1975) 760.

[30] D. Bazeia, J. Menezes and R. Menezes, New global defect structures, Phys. Rev. Lett. 91 (2003) 241601 [hep-th/0305234].

[31] M. Bander, Expanding cosmologies in brane geometries, Phys. Rev. D 69 (2004) 043505 [hep-th/0308125].

[32] O. DeWolfe and D.Z. Freedman, Notes on fluctuations and correlation functions in holographic renormalization group flows, hep-th/0002226.

[33] A. Alonso Izquierdo, M.A. Gonzalez Leon and J. Mateos Guilarte, Stability of kink defects in a deformed o(3) linear sigma model, math.PH/0204041.

[34] D. Bazeia, L. Losano and C. Wotzasek, Domain walls in three-field models, Phys. Rev. D 66 (2002) 105025 [hep-th/0206031].

[35] M. Bowick, A. De Felice and M. Trodden, The shapes of Dirichlet defects, J. High Energy Phys. 10 (2003) 067 [hep-th/0306224].

– 12 –